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Abstract

BACKGROUND: The ferronickel and rapid cooling slags
used in present study are industrial wastes derived from a
steel factory in Korea. These slags are used as almost road
construction materials after magnetic separation. However,
the use of slag to remove phosphorus from wastewater is
still a relatively less explored. The objective of this work
was to evaluate the feasibility of ferronickel slag (FNS) and
rapid cooling slag (RCS) as sorbents for phosphorus
removal in wastewater.

METHODS AND RESULTS: Adsorption experiments
were conducted to determine the adsorption characteristics
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of the FNS and RCS for the phosphorus. Adsorption
behaviour of the phosphorus by the FNS and RCS was
evaluated using both the Freundlich and Langmuir
adsorption isotherm equations. FNS and RCS were divided
into two sizes as effective sizes. Effective sizes of FNS and
RCS were 0.5 and 2.5 mm, respectively. The adsorption
capacities (K) of the phosphorus by the FNS and RCS were
in the order of RCS 0.5 (0.5105) > RCS 2.5 (0.3572) >>
FNS 2.5 (0.0545) = FNS 0.5 (0.0400) based on Freundlich
adsorption isotherm. The maximum adsorption capacities
(a; mg/kg) of the phosphorus determined by the Langmuir
isotherms were in the order of RCS 0.5 (3,582 mg/kg) >
RCS 2.5 (2,983 mg/kg) > FNS 0.5 (320 mg/kg) = FNS 2.5
(187 mg/kg). RCS 0.5 represented the best sorbent for the
adsorption of phosphorus. In the experiment, the Langmuir
model showed better fit with our data than the Freundlich
model.

CONCLUSION: This study indicate that the use of RCS in
constructed wetlands or filter beds is a promising solution
for phosphorus removal via adsorption and precipitation
mechanisms.
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Fig. 1. Particle distributions of ferronickel and rapid
cooling slags used in this experiment (FNS 0.5 and 2.5,
Ferronickel slag effective size: 0.5 and 2.5 mm; RCS 0.5
and 2.5, Rapid cooling slag effective size: 0.5 and 2.5 mm).
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Table 1. Chemical characteristics of ferronickel and rapid cooling slags used

Uniformity

Filter media dio deo coefficient pH Ca Mg Al Fe Mn Cu Cr
(mm) (mm) (deo/d10) (1:5) (mg/kg)
FNS 0.5 0.5 1.5 2.5 6.15 50 4,023 130 825 26 ND 94
2.5 2.5 3.9 1.8 6.23 93 3,633 138 601 21 ND 71
RCS 0.5 0.5 1.3 2.2 9.61 8,208 25816 2,847 73445 155975 16.5 311
2.5 2.5 4.0 1.6 9.26 7,105 21,160 2439 67,695 140,975 12.7 285

ENS 0.5 and 2.5: Ferronickel slag effective size: 0.5 and 2.5 mm,
RCS 0.5 and 2.5: Rapid cooling slag effective size: 0.5 and 2.5 mm.
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Fig. 2. Adsorbed PO¢P at ferronickel and rapid cooling
slags (FNS 0.5 and 2.5, Ferronickel slag effective size: 0.5
and 25 mm; RCS 0.5 and 25, Rapid cooling slag
effective size: 0.5 and 2.5 mm).
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Fig. 3. Freundrich adsorption isotherm for POsP adsorption at ferronickel and rapid cooling slags (FNS 0.5 and 2.5,
Ferronickel slag effective size: 0.5 and 2.5 mm; RCS 0.5 and 2.5, Rapid cooling slag effective size: 0.5 and 2.5 mm;
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Fig. 4. Langmuir adsorption isotherm for POsP adsorption at ferronickel and rapid cooling slags (FNS 0.5 and 2.5,
Ferronickel slag effective size: 0.5 and 2.5 mm; RCS 0.5 and 2.5, Rapid cooling slag effective size: 0.5 and 2.5 mm;

“: Denote significance at 1.0% level).

Table 2. The parameter estimates and coefficients of determination(r) for fit of the kinetic equation to experimental data
of phosphorus adsorption at ferronickel and rapid cooling slags

Freundlich adsorption isotherm

Langmuir adsorption isotherm

Filter media

K 1/n r a b r
0.5 0.0400 0.3168 0.998™ 0.3203 0.0193 0.991"
NS 25 0.0545 0.1954 0.981" 0.1873 0.0452 0.995™
0.5 0.5105 0.3414 0.989™ 3.5817 0.0706 0.996™
RCS 2.5 0.3572 0.3657 0.981" 2.9833 0.0566 0.996™

FNS 0.5 and 2.5 : Ferronickel slag effective size: 0.5 and 2.5 mm,

RCS 0.5 and 2.5 : Rapid cooling slag effective size: 0.5 and 2.5 mm,

a : Amount of heavy metals adsorbed per unit weight of adsorbent, mg/g,
b : Constant related to the energy of net enthalpy of adsorption,

K: Indicator of sorption capacity,
1/n: Adsorption indensity,
™ : Denote significance at 1.0% level.

AFsirlel Age M4 s2FAAE s g}gﬁ
Table 2258 EZE3% Freundlich®} Langmuir 525
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A )2 H(Ruthven, 1984; Choi et al, 2005; Chen et al,
2011; Choi ef al, 2013). T3+ Freundlich $-&&%2]2|
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Fig. 5. Experimental and calculated values from the Freundlich and Langmuir adsorption isotherms of ferronickel and
rapid cooling slags (FNS 0.5 and 2.5, Ferronickel slag effective size: 0.5 and 2.5 mm; RCS 0.5 and 2.5, Rapid cooling
slag effective size: 0.5 and 2.5 mm; @, Experimental data; - - -, Langmuir equation; —, Freundlich equation).
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